1. Introduction
===============

Sepsis is a life-threatening disease with a high mortality rate caused by a dysregulated host response to bacterial infections.^\[[@R1]\]^ Sepsis is the primary cause of death in hospitalized patients worldwide, and is associated with high mortality and morbidity.^\[[@R2],[@R3]\]^ The Third International Consensus Definitions defines 2 types of sepsis: sepsis and septic shock.^\[[@R1]\]^ Sepsis is a polygenic and multifactorial disease that involves both genetic and environmental factors.^\[[@R4],[@R5]\]^ However, only some individuals exposed to environmental factors develop this disorder, suggesting that other factors (e.g., genetic characteristics) may be involved in the pathology of sepsis.^\[[@R6]\]^ Identifying gene loci will help develop treatment strategies targeted to specific individuals.

Cytokines are regulators of inflammation, some of which are associated with susceptibility to sepsis and the severity of sepsis.^\[[@R7],[@R8]\]^ Interleukin-1 (IL-1) is an important cytokine related to sepsis risk. The IL-1 family contains 2 proinflammatory cytokines (interleukin-1β (IL-1β) and IL-1α) and an IL-1 receptor antagonist (IL-1Ra or IL-1RN).^\[[@R9]\]^ IL-1 signaling strengthens the plasma inflammatory response to sepsis.^\[[@R10]\]^ IL-1β, a potent proinflammatory cytokine, is pivotal for the host responses to injury and infection,^\[[@R11]\]^ IL-1β is secreted mainly by tissue macrophages and blood monocytes. Notably, plasma IL-1β levels are elevated early and remain high in neonatal sepsis.^\[[@R10]\]^ Ayazi et al indicated that IL-1β might be an ideal diagnostic marker for infections in patients with sepsis.^\[[@R12]\]^

The *IL-1β* gene is located on chromosome 2 in the human genome; it has 7 exons and 6 introns. A single nucleotide polymorphism (SNP) with a T substitution for C at position +3954, which is in the 5th intron of the *IL-1β* gene, is known as IL-1β +3954 C/T (rs1143634). The IL-1β +3954 C\>T polymorphism is a synonymous variant (NM_000576.2: c.315C\>T; NP_000567.1:p.Phe105=). Several recent studies have investigated the association between the risk of sepsis and this polymorphism.^\[[@R13]--[@R18]\]^ However, these studies have yielded conflicting findings. Some did not find an association between the IL-1β +3954 C\>T polymorphism and sepsis susceptibility in Caucasian populations.^\[[@R13]--[@R16]\]^ However, Johnson et al found that this SNP was related to a decreased risk of sepsis in an American population.^\[[@R17]\]^ In addition, a study of a Chinese population showed that this polymorphism did not modify the risk of septic shock.^\[[@R18]\]^ Therefore, this study assessed the relationship between IL-1β +3954 C\>T polymorphism and sepsis risk in a population from Eastern China.

2. Patients and methods
=======================

2.1. Patients
-------------

In total, 254 patients with sepsis and 322 control patients were enrolled from the Huai'an No. 1 People\'s Hospital. All patients with sepsis were diagnosed in accordance with the Third International Consensus Definitions.^\[[@R19]\]^ Patients with sepsis were categorized into those with sepsis and those with septic shock.^\[[@R19]\]^ Detailed findings regarding patients with sepsis were described in a previous report by our group.^\[[@R20]\]^ This study was reviewed and approved by the Ethics Committee of our hospital; it also met the standards of the Declaration of Helsinki. The IRB number YX-P-2016-047-01. All participants provided informed consent.

2.2. Blood sampling and genotyping
----------------------------------

Venous blood was collected from all participants. The TIANamp Blood DNA kit was used to extract genomic DNA from leukocytes (Tiangen Biotech, Beijing, China). The polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) assay was used for genotyping, with the following primers: 5′-GTTGTCATCAGACTTTGACC-3′ and 5′-TTCAGTTCATATGGACCAGA-3′. Ten percent of samples from patients with sepsis were randomly chosen for repeated genotyping, and the validation rate was 100%.^\[[@R21]\]^

2.3. Statistical analysis
-------------------------

Differences in allele and genotype frequencies were determined using the chi-square test. Categorical variables, such as sex and the use of alcohol/cigarettes, were assessed with the chi-square test.^\[[@R22]\]^ Continuous variables, such as age and body mass index (BMI), were evaluated with Student\'s *t* test. Genotype distributions of control patients were assessed based on Hardy-Weinberg equilibrium (HWE). Logistic regression analysis was used to evaluate crude and adjusted 95% confidence intervals (CIs) and odds ratios (ORs). SPSS Statistics, ver. 20.0 was used for all statistical analyses (IBM, Armonk, NY). A two-sided *P*-value \<.05 was considered to indicate statistical significance.

3. Results
==========

3.1. Participant characteristics
--------------------------------

Demographic and clinical characteristics for patients with sepsis and control patients are listed in Table [1](#T1){ref-type="table"}. In this case-control study, we enrolled 254 patients with sepsis and 322 control patients. The 254 patients with sepsis included 139 men and 115 women, while the 322 control patients included 166 men and 156 women. We found no significant differences in age or sex between the sepsis and control groups (*P* \> .05). However, a significantly greater proportion of patients with sepsis smoked cigarettes or drank alcohol, compared with the control group (*P* \< .05).

###### 

Patient demographics and risk factors in sepsis.
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3.2. Relationship between IL-1β +3954 C\>T polymorphism and sepsis risk
-----------------------------------------------------------------------

Genotyping was successful in 254 patients with sepsis and 321 control patients. Table [2](#T2){ref-type="table"} shows the allele and genotype frequencies for this polymorphism. The genotype frequency of the +3954 C\>T polymorphism in the IL-1β gene in the control group was consistent with the predictions of HWE (*P* = .89). When the CC genotype was used as a reference, TT + CT or TT genotype carriers showed lower risk of sepsis (TT vs CC: *P* = .033, odd ratio (OR) = 0.45, 95% confidence interval (CI) = 0.21--0.94; TT + CT vs CC: *P* = .018, OR = 0.67, 95% CI = 0.48--0.93). Regardless of adjustment for sex and age, the relationships remained statistically significant in the homozygote and dominant models. In addition, when the C allele was used as a reference, the T allele was associated with a reduced risk of sepsis (T vs C: *P* = .009, OR = 0.70, 95% CI = 0.53--0.91).
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Genotype frequencies of IL-1β +3954 C\>T polymorphism in cases and controls.
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Subsequent subgroup analyses assessed age, sex, BMI, alcohol consumption, and cigarette consumption (Table [3](#T3){ref-type="table"}). The risk of sepsis was significantly reduced in nonsmokers, nondrinkers, individuals with BMI \< 25, and individuals aged ≥60 years. No statistically significant findings were obtained in stratified analysis by sex.

###### 

Stratified analyses between IL-1β +3954 C\>T polymorphism and the risk of sepsis.
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3.3. Association between IL-1β +3954 C\>T polymorphism and sepsis severity and 28-day mortality
-----------------------------------------------------------------------------------------------

Finally, associations of this polymorphism with sepsis severity and 28-day mortality were investigated (Table [4](#T4){ref-type="table"}). The results showed that the IL-1β +3954 C\>T polymorphism was associated with the 28-day mortality rate and severity of sepsis.
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The associations between IL-1β +3954 C\>T polymorphism and clinical characteristics of sepsis.
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4. Discussion
=============

In this case-control study, the IL-1β +3954 C\>T polymorphism reduced the risk of sepsis in Chinese individuals. Subgroup analyses revealed that the reduction of risk was greater among nonsmokers, nondrinkers, individuals with BMI \< 25, and individuals aged ≥60 years. In addition, we observed that this SNP was linked to sepsis severity and 28-day mortality.

Cytokines regulate the host immune response and alter the expression of other cytokines, which are associated with the development of sepsis.^\[[@R23]\]^ Excessive IL-1 production has been directly linked to death among patients and animals with sepsis or septic shock.^\[[@R24]\]^ Previous studies showed that defective IL-1β production was a pivotal feature of sepsis that could be used to evaluate immunological status.^\[[@R25],[@R26]\]^ Fahy et al showed that the IL-1β level was significantly higher in patients with septic shock, compared with control patients^\[[@R27]\]^; this indicated that the IL-1β level is significantly associated with the development of sepsis, consistent with our findings.

Cytokine genes involved in inflammatory cascades are vital candidate genes that may determine the extent of an individual\'s response to sepsis.^\[[@R28]\]^ Recently, several studies have investigated the link between the risk of sepsis and the IL-1β +3954 C\>T polymorphism. Fang et al investigated the association of this polymorphism with severe sepsis risk in a German population^\[[@R13]\]^; they did not observe a significant association.^\[[@R13]\]^ Ruiz et al also found that this SNP was unrelated to sepsis susceptibility in a different Caucasian population.^\[[@R14]\]^ Notably, this polymorphism did not modify the risk of sepsis in low-birth-weight infants from Hungary.^\[[@R15]\]^ Moreover, Balding et al determined that the IL-1β +3954 C\>T polymorphism was not associated with poor outcomes in Irish patients with meningococcal disease.^\[[@R16]\]^ Furthermore, Zhang et al indicated that this polymorphism was not related to septic shock risk among Chinese patients.^\[[@R18]\]^ Conversely, Johnson et al observed that this SNP was associated with a decreased risk of candidemia in an American population.^\[[@R17]\]^

Although the studies mentioned above were similar in some respects, some of the results may have been spurious due to small sample sizes. Zheng et al conducted a meta-analysis to address this issue, and found that the IL-1β +3954 C\>T polymorphism reduced the risk of sepsis.^\[[@R29]\]^ Stratified analysis suggested that the protective effect of this SNP against sepsis risk remained significant in Caucasians, but not in Asians.^\[[@R29]\]^ Therefore, we designed the current case-control study to investigate the relationship between this polymorphism and sepsis risk in a Han Chinese population. We found that the TT or TT + CT genotype, or the T allele, was associated with a reduced risk of sepsis, which was consistent with the findings of our previous study.^\[[@R20]\]^ In that previous study, we found that that IL-8 −251 A/T polymorphism was associated with a reduced risk of sepsis.^\[[@R20]\]^ However, it remains unclear whether these 2 SNPs have synergistic effects on the risk of sepsis; therefore, further research is necessary.

The present study is the first to reveal an association between the IL-1β +3954 C\>T polymorphism and sepsis susceptibility in a Han Chinese study population. Unexpectedly, our findings were considerably different from those of other studies. There are several potential reasons for these discrepancies. First, the exposure factors for patients with sepsis differed among studies. Second, ethnic differences among the study populations may have influenced the results. Third, the clinical heterogeneity of sepsis was diverse and the causes of sepsis were inconsistent among the prior studies. Fourth, the studies had different sample sizes. Furthermore, we found that this SNP was associated with a reduced risk of sepsis in nonsmokers, nondrinkers, individuals with BMI \< 25, and individuals aged ≥60 years; thus, interactions between these factors and this polymorphism may have contributed to the reduced risk of sepsis. Notably, a marginal association was observed in the dominant model, but not in other genetic models. The statistically significant effects observed for nonsmokers versus smokers may have been due to the number of individuals within each of these groups, and the results should thus be interpreted with caution. Furthermore, this study revealed that the IL-1β +3954 C\>T polymorphism was associated with the severity and 28-day mortality rate of sepsis. We observed a higher death rate in genotype TT carriers, which seemed to contradict the protective role of the TT genotype in the context of sepsis. However, this apparent conflict can be explained by other factors. There were only 11 TT genotype individuals in total, including patients with sepsis and those with septic shock (Table [2](#T2){ref-type="table"}). Notably, 8 patients had septic shock among all TT carriers, and 7 of 8 patients with septic shock died (Table [4](#T4){ref-type="table"}). Therefore, the higher mortality rate among the TT genotype individuals can be attributed to septic shock, rather than the TT genotype itself.

This study had several limitations. First, the sample size was relatively small. Second, gene-gene and gene-environment interactions were not explored. Third, the underlying mechanisms by which this SNP reduced the risk of sepsis were not fully elucidated, and require further investigation. Finally, the roles of other SNPs in IL-1β and other genes were not determined, and should be the focus of future studies.

In conclusion, the IL-1β +3954 C\>T polymorphism was associated with a reduced risk of sepsis in a Han Chinese population. Studies in other Chinese populations are urgently needed to address the relationship between this locus and sepsis susceptibility.
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